Levels of lactoferrin, an Fe-binding protein with bacteriostatic properties, were determined in the colostrum and milk of Yorkshire sows during a 21-d lactation. Lactoferrin levels averaged 1,100 to 1,300/ag/ml near the time of farrowing, then declined sharlSly during the first week of lactation. Concentration of lactoferrin showed considerable variation among sows, but not among teat positions (anterior to posterior). A method for isolating high purity swine lactoferrin is described.
Introduction
Lactoferrin is an Fe-binding protein with bacteriostatic properties, found in the whey fraction of milk in humans and domestic livestock species (Oram and Reiter, 1968; Masson and Heremans, 1971 ; Senft and Klobasa, 1973; Schanbacher and Srfiith, 1975) . It has been suggested that the bacteriostatic action of lactoferrin is important in the prevention of udder infections such as mastitis in cattle (Harmon et al., 1975) , and in the prevention of intestinal disturbances in the neonate (Bullen et al., 1972) . Law and Reiter (1977) suggested that this protein might be used as a bacteriostatic agent in milk replacers used for artificial rearing of neonates. However, this has apparently never been attempted even though there is suitable methodology for isolating lactoferrin in quantity from the whey fraction of cows' milk.
There is only one report in the literature on the concentration of lactoferrin in the mammary secretions of sows throughout lactation (Masson and Heremans, 1971) . The results show high concentrations of lactoferrin in colostrum, with lower levels in normal milk. However, the data were based on pooled milk samples taken at uncertain times throughout lactation. Roberts and Boursnnell (1975) calculated a concentration of .6 mg. lactoferrin/ml whole milk, based on the amount of protein isolated.
Lactoferrin has potential use as a bacteriostatic agent in milk replacers, as part of an ongoing program to develop procedures and diets for the artificial rearing of piglets (Senft and Klobasa, 1971; Elliot et al., 1978) . In order to provide a basis for future experiments the following study was undertaken to establish a method for isolating lactoferrin from sows' milk, and to investigate the concentration of lactoferrin in the mammary secretions of sows throughout lactation. immediately postfarrowing (within 1 h after the afterbirth was expelled), 12 h postpartum, and on d 1, 2, 3, 4, 5, 6, 7, 11, 14 and 21 of lactation. At least 50 ml of mammary secretion were obtained from each sow at each sampling time by manual expression from randomly selected teats. After the immediate pre-and postfarrowing periods, milk letdown was induced by an im injection of 40 u oxytocin. Samples were stored frozen at -20 C.
To establish teat-to-teat variation in lactoferrin content, samples were collected from each teat on one side of six additional sows. All the samples were collected by hand milking during farrowing (after the expulsion of the first pig and before expulsion of the afterbirth) without injected oxytocin.
Preparation and Characterization of Swine
Lactoferrin. Sows' colostrum was used for the isolation of lactoferrin. Samples were centrifuged (17,000 x g, 4 C, 40 min) so that the fat formed a layer at the top of the milk. The fat was then drawn off using an aspirator. The milk was adjusted to pH 7.0 by KHCO3, and the Fe-binding protein lactoferrin was saturated with Fe using ammonium ferrous sulfate (8.6 mg/ml). Six grams of Sephadex CM-504 were added to 500 ml defatted milk at room temperature, mixed for 2 h and then allowed to settle. The supernatant milk was carefully decanted and the pink gel that remained was washed first three times on a glass filter funnel (G2, D1) with deionized water, then with a .02 M Na-phosphate buffer pH 7.0, and finally with the same buffer containing .15 M NaC1. About 420 ml of gel was then applied to a column (90 x 2.5 cm) and eluted with a .02 M Na-phosphate buffer containing a linear NaCl-gradient from .2 to .5 M at a flow rate of 20 ml/h. Fractions (3 ml) were collected with an Eldex Universal Fraction Collector Model 4-11, and were read at 280 nm to establish the presence of protein using a Beckman Model 25 spectrophotometer. Lactoperoxidase was eluted in the first peak of protein (fractions 80 to 110), and the second peak (fractions 120 to 240) contained lactoferrin. The lactoferrin containing fractions were pooled, concentrated by ultrafiltration and dialysed against deionized water.
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Further purification of the lactoferrin preparation was accomplished on a 40 x 2.5 cm column of Bio-Rex 70 resin s equilibrated with .01 M Na-acetate pH 7.0. After applying about 5 ml of the equilibrated lactoferrin solution, the column was initially eluted with 150 ml of .4 M Na-acetate pH 7.0, then a linear gradient was applied by mixing 400 ml .4 M Na-acetate pH 7.0 and 400 ml of 1 M Na-acetate pH 8.0. Fractions of 3 ml were collected and read as described above to determine the presence of protein. The pink solution comprising the third peak (fractions 90 to 130) contained lactofertin, which was concentrated by ultrafiltration, dialysed against deionized water and lyophilized. The protein content in the lactoferrin solutions was determined by the method of Lowry et al. (1951) .
To estimate its molecular weight, swine lactoferrin was compared with bovine lactoferrin and bovine serum albumin using gel chromatography by the method of Erhardt (1981) .
Immunoelectrophoresis was performed by the method of Scheidegger (1955) with antiserum raised in rabbits against swine colostrum.
Quantitative Determination of Swine Lactoferrin. The radial immunodiffusion technique (Mancini et al., 1965) was used to determine the lactoferrin concentration of swine whey. The whey was prepared by precipitating the casein using calf rennin 6. Diffusion took place within 24 h at room temperature on glass plates covered with 1.5% agarose in .02 M tris-acetatebuffer pH 7.9 and 1% rabbit anti-swine-lactoferrin. The amount of sample applied was 5 vl. Standards were prepared from lactoferrin isolated as previously described. All determinations were made in duplicate. The range for the standards was from .03 mg/ml to 4 mg/ml.
The antisera were obtained from rabbits after sc injection of 2 mg lyophilized lactoferrin diluted in 1 ml distilled water and 1 ml of complete Freund's adjuvant. The injections were repeated four times at 12-d intervals. Ten days after the last injection, blood was taken from the rabbits by heart puncture.
Results and Discussion

Preparation and Purification of Lactoferrin.
The preparative method used in this investigation makes it possible to use the lactoferrin-free milk for further investigation after having absorbed lactoferrin by Sephadex CM-50. By Figure 1 . Immunoelectrophoretic reaction of isolated swine lactoferrin (above) and of swine colostrum (below) to antisera produced in rabbits against swine colostrum. mixing the resin into the milk, several timeconsuming procedures can be avoided and the economy increased by using CM-50 resin repeatedly.
Using the method described herein, a high purity of lactoferrin can be obtained as shown by immunoelectrophoresis (figure 1). The isolated swine lactoferrin formed a strong precipitation line in the ~-area. For comparison the lactoferrin arc is also visible in the separated colostrum sample. This localization of swine lactoferrin is in accordance with the results of Blanc and Isliker (1961) for human lactoferrin. In contrast, bovine lactoferrin is located in the 7-region (Butler, 1973) .
Gel chromatography showed that swine lactoferrin had an elution pattern similar to that of bovine lactoferrin and bovine serum albumin (figure 2), indicating that swine lactoferrin has a molecular weight of about 70,000.
Lactoferrin Content o f Sows' Milk.
The lactoferrin content of mammary secretions from nine sows during a 21-d lactation is presented in figure 3 . Lactoferrin levels remained high (1,100 to 1,300 /~g/ml) near the time of farrowing and for the first 3 d of lactation, and then declined sharply. Two-way analysis of variance, shoWed highly significant variation among sows (Fs, 9s = 12.1, P<.O01) and among sampling times (F12, 9s = 31.3, P<.O01). The two sows with the highest levels of lactoferrin had concentrations about twice as high as the sows with the loWest levels (1,092 and 1,021 /ag/ml, vs 532 and 513/~g/ml, averaged over the 13 sampling times).
The six additional sows studied at the time of farrowing showed relatively little variation in lactoferrin content from teat to teat. Mean levels for individual sows ranged from 1,208 to 1,577 gtg/ml, with standard errors of 56 to 150. With teat position numbered from 1 (anterior) to 7 (posterior), two-way analysis of variance showed significant variation attributable to sows (Fs,2s = 11.13, P<.001), but not to teat position (F6,28 = .517).
The rapidly decreasing concentration of lactoferrin during the first week of lactation might be explained by reduced synthesis of the protein and(or) increasing dilution of lactoferrin caused by increased synthesis of milk. Verdonck and Paredis (1980) noted that the antimicrobial activity of sows' colostrum and milk also declines during lactation. They attribute the effect to the decrease in the concentration of immunoglobulins in sows' milk, stating that lactoferrin is a more constant constituent. However, our results indicate that lactoferrin is not a constant constituent. This was also demonstrated in human milk by Nagasawa et al. (1972) and in bovine milk by Erhardt (1981) .
In view of its known antimicrobial activity (Bullen et al., 1972) , it is quite possible that lactoferrin is an important antibacterial constituent of sows' milk in the early stages of lactation, supplementing the effect of immunoglobulins (Wilson, 1974) . It is interesting to note that the decrease in lactoferrin content corresponds with the development of the pig's endogenous capability to produce and secrete immunoglobulins into the intestinal lumen as described by Wilson (1974) .
There may be an important role for lactoferrin in the development of milk replacers to be used in the artificial rearing of piglets. The nonspecific bacteriostatic activity of lactoferrin has been demonstrated in numerous investigations (Oram and Reiter, 1968; Bullen et al., 1972) , and the mechanism of action shown to be based on the binding of Fe to the protein, thereby rendering it unavailable for bacterial growth. Because of the nonspecific activity of the lactoferrin from different species and the difficulty in obtaining large amounts of sows' milk, it is proposed to investigate the use of bovine lactoferrin in milk replacers for piglets. In view of the large variation among sows noted here, it would be useful to determine whether piglet survival is related to the lactoferrin concentration of the dam's milk. If so, this variable might be useful in genetic selection.
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